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Evaluation of Direct Detection of Mycobacteria in
Respiratory Specimens using MycoExpress

Triplex-PCR Technique

Byung-Ruel Shin

Department of Industrial Microbiology, Graduate School of

Industry, Pukyong National University

ABSTRACT

The methods for rapid and accurate identification are critical
for the diagnosis of mycobacterial infections. Among mycobacterial
pathogens, Mycobacterium tuberculosis complex and Mycobacteri
um avium complex (MAC) are the most convincingly known as
pathogenic organisms. We report here new method for rapid and
accurate identification and much sensitive detection for mycobacte
ria, M. tuberculosis and MAC. This method was evaluated as a
dircet and rapid technique for identification and characterization

of mycobacteria [rom clinical specimens. The improval technique



was based on a multiplex polymerase chain reaction (PCR) assay.

The multiplex PCR  technique is a triplex PCR method
which uses three species—specific forward primers in combination
with a genus-specific common reverse primer and template DNA
taken from chnical specimens and cultured cells. This technigue
15 used to amplify DNA fragments ol internal transcribed spacer
(ITS) region between 165 and 235 rRNA genes of mycobacteria.
PCR was carried out with template DNAs tlaken directly from
chinical specimens such as sputum, tissue, body fluid, urine and
cultured cells. Primary PCR was carried out for amplification of
ITS region of mycobacteria and the nested triplex PCR 1 was
performed 1n a single tube for detection of mycobacteria, M.
tuberculosts, and MAC. From the results designed by above
experiments DNA  fragments were expected to be a 320 bp, 133
bp, and 84 bp from the amplification by mycobactera, M.
tuberculosis, and MAC-specific primers, respectively. As
expected, the triplex PCR using four primers was successfully
able to detect mycobacteria, and identifiy M. tuberculosis and
MAC in a single reaction. In case of M. tuberculosis, two
specific bands corresponding to 320 bp and 133 bp were detected,
whileas 320 bp and 84 bp fragments in MAC were amplified.
Triplex PCR using specific primer sets for mycobacteria genus,

M. tuberculosis complex and MAC was amplified two specific



M. tuberculosis complex and MAC was amplified two specific
fragments and applied for detecting mycobacteria, M. tuberculosis
complex, and MAC against clinical specimens. Also, this assay
was able to use the simultaneous detection of mycobacteria
genus, M. {uberculosis complex, and MAC in a single tube.

In conclusion, MycoExpress Triplex PCR method could be
used In routine laboratory for early diagnosis of mycobacterial
infection and lor rapid identification of mycobacteria species from

clinical specimens and cultured samples.
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1. Primer design

Mycobacteria®l % 5ol% @743 £ Eolzx o7 Md
% 337 nielmtelelole] #F (M. avium, M. chelonae, M.
conspicuum, M.  farcinogenes, M. fortuitum, M. gastri, M.
genavense, M. gordonae, M. habana, M. Intracellulare, M.
kansasit, M. leprae, M. lufu, M. malmoense, M. marinum, M.
paratuberculosis, M. phlei, M scrofulaceum, M. senegalense, M.
shimotder, M. simiae, M. smegmatis, M. szulgal, M. terrae, M.
triplex, M. triviale, M. tuberculosis complex, M. ulcerans, M.
xenopt, unidentified Mycobacterium species)ell &4 GenBankol
TEEel Qi 57Rel 1TSS 97 DNA AMEs  =Abée
CLUSTAL-W  (http://genome kribbrekr) Z=21%®.& o}l &3}
multiple alignment HH 2= 5709 primer® designdl vl B ol
AAl ARESE primer?] FH3 Table 19 Aelds)ar PCR O #FL o
oelf SFe @Al el Aol A9 Ao dig AL 3
1ol vbeblielcl. ®3  mycobacteria®l ITS dr7)Adde] o) §

GenBank #F3iis Table 201 A e]dhsic



Table 1. Sequences of primers used in this study

Primer L .
Sequences Utilization in the PCR
S
I>primary reaction:
) _ .| forward pri
ITS—F |5'~CGAAGCCAGTGGE| o vard primer
~ o [>secondaryreaction:
] CTAACCC—3 )
forward primer for
mycobacteria
ITS—R 5'=TGGATCCTGCCAA | > primary reaction:
o GGCATCCACCAT -3 reverse primer
THE1 o' —GGTGCATGACAAC Dieco?djry ‘reactifoni
AAAGTTCG -5 orwar prlme-r or
M. tuberculosis
- . " __|>secondary reaction:
9" =ACAACACTCGGTC .
MACF1 CATCCGT - 3 forward primer for
' ! MAC
[>secondary reaction:
reverse primer for
mycom 15— ATGCTCGCAACCA Pt
. o [ mycobacteria, M.
-7 CTATCCA-3 )
tuberculosis and
MAC




160N TSI

RimayPR [ i1sF1] [msR
Senoncry POR moom
[NPGH 4[nyu:rn§

FIG. 1. Schematic diagram for nested PCR  MycoExpress
Triplex PCR



Table 2. Mycobacteria ITS9} 971494

174 GTGGTGT TTGAGAAT TOGATAGTOGT TROGAGCATCAA—TTCOA-TAOACTROCTT TT-
176 GTCGTGTTTGAGTATTOBATAGTGGT TGOBAGCATCTAG-ATGAG-ORCATRGTCTOGT
226 GIGGIGTTTGAT T TGTRGATAGTGGT TROGAGCATCTAG- TTOG—TGAG——AGTGT
213 GTOGTGT TTGAGAACTOOATAGTOGT TROGAGCATC —A-ATGGA-TAOGCTEOUECTA
174 GTCGTGTTTGAGAAT TGCATAGTAGT TOGAGCATCAA—TTCGA-TROBCTACCTTTT-
173 GTGGTGT TTGAGTAT TGGATAGTOGT TCOGAGCATCTA G-ATGAG-OXCATRGTCTTOGT
241 GTCGTGT TTGATTTGTRGATAGTOGT TAOGAGCATCTAG-CACG— CAG———AGTGT
185 GTGGTGT TTGAGAAT TCGATAGTRT TRCOAGCATC-AA-ATGRA-TAOG T TACOOGCA-
179 GIGGTGTT TGAGCAT TGAATAGTGGT TRCGAGCATCTAG-AOHGA-TROGTTOUC—CAG
165 GTGGTGTTTGAGAATTOGATAGIBGT TROGABCATCAAA-ATGTA-TOOGTTGIC-GTTC
180 GTGRTGTTTOAGTAT TGGATAGTOGTTROGAGCATCTAA-ATEAA-COGTOROCCAA
173 GTOGTGTTTGAGTAT TGGATAGTRAT TROGAGCATC TAG-ATGAG-OXCATAGTOCTTAG
178 GTOGTGTTTGAGMCTGATAGT GG TGOGAGCATC-AA-CTCCA-TROACTROOGTTCR
182 GIGGTGTTTGAGTATTGATAGTGGTTROGNCATCTAA-ATGOA-TROGTIGTCAGTTA
173 GTOGTGI T TGAGTAT TGCATAGTGGTTEORAGCTACTAG-ATGAA-OOOG TAGTCCTTAR
173 GIGTGTTTGAGTATTGCATAGTGGT TEOGAGCATCTAA-ADA-TECRCTEOLGTAG
184 GIOGTGTTTGAGTGT TOGATAGI BT TECACCATCTAGCAAGCA-MACTTAGTTGTTT
179 GIGGTGTTTCAGTAT TOGATAGTOGT TACAGCATCTAA-ATGAA-CROGTORCDAGTAA
179 GIGGTGTTTGAGCAT TRATAGTGGT TACBAGCATCTAG-ADGGA-TOOGTTROOCAMGT
239 GTGGTGT TTCAGTTGTCGATAGTGAT TROGARCATCTAG-CACA—TRAG—ATCTC
158 GTGRTGTTTGAGTGT TRATAGIGGT TROGAGCATCTGACAMGACTGTRGTAACBATT
174 GTGGTGT TTGAGAT TOATAGTOGT TOGAGCATC-AA-TTEGA-TROGCTROOCTORT
174 GIGGTGT TTGAGTAT TGCATAGTGGT TRCGAGCATCTAA-ACGA-TOOGTOECO0—MA
174 GTEGTGTTTGAGAACTOAT AGTGAT TOGNGCATCAA— TEGA-TAOLCT-00XACTA

- 10 -
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M paratuberaudosis

M swegnatis
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M lufus

M ndnvense
M shinoidi
M simige

M tripdex

M trividle
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Primere] DNA @7l <E& wotghel] 9oy s A& ohe

Sz R meAge Wgoz W A welk Arel

kS AA [e] L -
iz AAAA Yot MARS AEHE AL wgws) o

F ol PCR whgol M & Sold Fo % Bold R vehhe

3he Belid e F91° DNAZ F33h- 9y g ol&adu. A
WA PCR WA AF8-& primeris 1TS-F1 ITS-Ro|Sleh i

W, 22 PCRAVAM = 374A2] Hol# N-9e aivdsti DNA ZE2t
=5 iR o7 WFd ol&EHo vt 6709 primer?t F7ME 2
fotet ol Me FF wrEelA B 42 primer® AMEE S o)
2 g v Soldel DNAZZE (non specific DNA amplification) ]
A= 7 7] W Eo HQF primerel FE& HAsE0) Ysie]
primer mycom 2% 37FF| 2] Ho|AH¢l =E DNAAE2] reverse
primer® YA ol EE £ Y= uckstgdrh o] primers &
BioBasic Inc. (Toronto, Canada)ol F5 ¢]2de S0nmole] =52

A Aok AL,
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2. PCR wkgolo] =X

PCR kg9 12 wbgel 242 of&# 2o 500 mM
KCI, 100 mM Tris HCI (pH 9.0}, 19 Triton X100, 7}z} 0.2 mM |
deoxynucleoside triphosphate (dATP, dGTP, dTTP, and dCTP),
1.5 mM MgCi2, 10 uM TMAC, primers (ITS F12} [TS-R} primer
Z¥2E 10 pmol, 1 U9 Tag DNA polymerase (BioBasic).

12 PCRE Whg #3712 94°ColAM 38 5oF WAAz &

60°Cell Al 303, 72°CellA 1% F<¢F 20 cycled Aldetsich o1 %

|
\f

| FZ whgo] 9hg® £ YT 72°Ce|A 1087F wreA 7l

ﬁl:

2
& A A Ziol

22F PCR2] b8 o8 primer? A @15bal 13 PCR2] ukg-of of
=4E Fdstadtt 23 vk3oll A}E# primers th2 I 2uh

ITS-F1 (25 pmol), TBF1 (5 pmol), MACF1 (10 pmol)

(
o

mycom-2 (15 pmol). 22F PCRE] 4HE F=AL 94°Col A 387 Z9}
AAAAZL S 94°Coell A 3073, 60°Cell Al 30%, 72°Cel M 302 =9F 30
cvcles Aldstivh FFHoz 72°CoA 1087 &g w2441l
F vk wSoio] Q= Al 15% agarose gel AbelA 7)o
TR AR BB E2AbEle] AE DNA HHES 2459

30 A= 12kek 23k PCR W profile® @ oFabelcl,
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Table 3. PCR profile for amplification of ITS regions

from mycobacteria

I1st PCR reaction profile

Step  Cycle Temp Time Cycle

1 Denaturation 91T 3 min 1 cycle
Denaturation 947 1 min

2 Annealing 60T 30 sec 20 cycles
Extention 72T 1 min

3 Final extention 72T 10 min 1 cycle

2nd PCR rcaction profile

Step  Cycle Temp Time Cycle

1 Denaturation 94T 3min 1 cvcle
Denaturation 94T 30 sec

2 Anncaling 62T 30 sec 30 cycles
Extention ___72°C 30 sec

3 Final extention 72T 10 min 1 cycle

_13_



3. Tested strains

oAt E 20F5 9 npelmubegol BEd TS QAo
walE 11870e] M. tuberculosis® #7719 NTMeo] Al&-3)2c}
(Table 4). M. tuberculosis® 22+ F4F BHE YL vp2t MH 99
MAE AR R3E A RR F Foa] FEgla My

Y
Choslga el NTM b WHO A1 sebaol A9 22 ZHaby]

= HAE i ef Heldg #@elsly] 98] control® E3AIZ)
vpel stEblelel b obyl A M e zlyre $Are] w9 e
A E AR el A A RN SRy R R 7 odE 5o

Ha WA 0oCel WE wastaor] vas s Pise

f=4

Aol AES FED 5749 AEG0 o #FEe) FA4e dEA

Vitek (BioMericux Vitek, Hazelwood, Mo., USA)S} 7ol & 319

Nepolih Huls ol gabe] AE Ao n 5 a),

._14_



Table 4. Mycobacterial and non—mycobacterial strains

used 1n this study

M. abscessus ATCC 19977

M. agri ATCC 27406

M. aswaticum ATCC 25276

M. austroafricanum ATCC 32464
M. avium ATCC 25291

Al bouis ATCC 19210

AL chelonae ATCC 35752

Al flavescens ATCC 14474

Al fortuitum ATCC 6341

Al gordonae ANTCC 14470

M. intracellulare ATCC 13950
M. kansasii ATCC 12478

A plei ATCC 354

M. seroflaceurm ATCC 19981

M. smegmatis ATCC 2170]

M. szulgai A'TCC 35799

M. terrae ATCC 15755

M, triviale ATCC 23292

M. tuberculosis H37Rv ATCC 27294
M. vaceae ATCC 15483

MAC clinical isolates (31)

M. chelonae clinical isolates (10)
M. fortuttum clinical (solates (13)
M. gordonae clinical isolates (10)
M. serofulaceum clinical isolates (3)
M. szulgal clinical tsolates (10)
Al Terrae clinical isolates (10)

M. tuberculosis clinical solates (118)

Aeromonas h}rdmphila (2)
RBurkholderia cepacia (2)
Candida albicans (2)
Citrobacter freundii (2)
Enterobacter aerogenes (2)
Enterpbacter cloacae (2)
Enterococcus faecalis (2)
Enterococcus faecium (2)
Enterococcus raffinosis (2)
Escherichia coli (2)
Klebsiella pneumoriiae (2)
Plesiomonas shigelloides (2)
Froteus murabilis (2)
Proteus vulgaris (2)
Providencia reitgeri (2)
Pseudomonas aeruginosa (2)
Rahnelia aquatilis (2)
Salmonella spp. (2)

Serratia marcescens (2)
Shewanella putrefaciens (2)
Shigella flexneri (2)

Shigella sonnei (2)
Staphviococcus epidermidis (2)
Staphvlococcus aureus (2)
Streptococeus agalactiae (2)
Streptococcus intermidius (2)
Streptocaccus pneumoniae (2)
Vibrio parahemolyticus (2)

_15..



4. MRS Y] A A @A

20000 129 2001 1E Alolol Rk B Wleo mAag
dArbdel mpolmube alobe] wieks 9eiA ol E 1196709 5&7)
HAEolgatd ) 717rel HalE N-acelyl L-cysteine(NALC)-29
NaOH ez "4 gaof o4 #AAHE SA0 Adetn
Fol 100ul o) Adeg B AdgdM Apgatr] A -70°Ce] B
vhalad o,

= Aol My Ay BE NTMe] A&HE AAE o 43

ol

o} 1= /U&}O] U]7lt

i

5 FAdtna shelen g 3FE7ke] wjok &
W& Eelate] ahabal A Altacid-fast bacilli or AFB stain)e] %4
olAY AFit e NTM sfko] kAol Ha & 11570149 104
AL vlaA Al 11 ganE desid) v E uho] mehy g o)
ol Bd2 ITSe] #5003 474 d98 o83 PCR WHeR 44
SHATHB). 115709 A7 el shzxjel Al Ads) wi= NTM 24
olf2 #elsty] 919 9 v)%el HE: 557 Wik d2ee

A 11370 dA= A2«

S ol Aalsteeh 1150 28]

Ty

olvt A AW vix 4499 gae Ry fe o), v
A2 A MAC 49 Bl st Aosit waw
HAZHE DNA® 22 InstaGene matrix kit (Bio-Rad,

[Tercules, CA, USA)E o] £35}9) )
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0. 5ol=& Hrketr] S A A H

= oaske] Bl s Q) fdke] dAd ddolu NTM
raFel f1e el Hale e #HAbE, Ase w3E nfo] st
dlejol ghgFol gliz 2 9le) 5F7) dslez gdod 5049 3
AlR e AR M zbzbe]l Halg N-acetyl-L-cysteine
(NALC)-2% NaOH W oz A &89 297 AAS A4
Alsta o Feo] 100ul o HAES B A algstr] #71R)
TO°Coll warshE HE Al wiekyyl 8 maAwwe Aol PCR

el Zaks uwsiglo).
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1. a2

1. ¥5F% o] &3t 14 PCR W<

165 rDNACl #x18 forward primer$! ITS-FI13#3 235
rDNA®] %123 reverse primer$] ITS-RE o] £3te] Aa) ITS
A3t 1A PCR wHSell Al o1y 204 BolF= upe)

& FEAA
#ro] band size’} 410~600bp= 2070 ¢] RS vleolmuby|elo} X
T (Lane 1, M. abscessus ATCC 19977; lane 2, M. agri ATCC
27906: lane 3, M. asiaticum ATCC 25276; lane 4, M.
austrogfricanum ATCC 33464; lane 5, M. auium ATCC 25291;
lane b, M. bovis ATCC 19210. lane 7, M. chelonae ATCC 35752,
lane 8, M. flavescens ATCC 14474 lane 9, M. fortuitum ATCC
6841, lane 10, M. gordonae ATCC 14470; lane 11, M.
intraceliulare ATCC 13950; lane 12, M. kansasii ATCC 12478;
lane 13, M. phlei ATCC 354; lane 14, M. scrofulaceum ATCC
199815 lane 15, M. smegmatis ATCC 21701, lane 16, M. szulgai
ATCC 35799 lane 17, M. terrae ATCC 15755, lane 18, M.
triviale. ATCC 23292 lane 19, M. tuberculosis H37Rv; lane 20,
M. vaccae ATCC 15483) oA 5o] band’} #2sIvh =3k 118
el ddt ] Feh 870 NTMY AR 5 2T ol A

=
T
50139l ITS band’} #2E vt wbd izt oz Abgs 2
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M C | 23 4 5 67 8 9 i10M

M C 12 13 1415 16 1748 19 20 M

prer

FI
G. 2. Genus-specific amplification of mycobacterial ITS by
primers ITS-TF1 and ITS-R.

Lanes M, 100-bp size markers; C, negative control; 1, M.
abscessus ATCC 19977, 2, M. agri ATCC 27406; 3, M. asiaticum
ATCC 25276, 4, M. austrogfricanum ATCC 33464; 5, M. avium
ATCC 252910 6, M. bouvis ATCC 19210, 7, M. chelonae ATCC
30702: 8, M. flavescens ATCC 14474; 9, M. fortuitum ATCC
bsdls 10, M. gordonae ATCC 14470, 11, M. intracellulare A'TCC
13950; 12, M. kansasit ATCC 12478, 13, M. phlei ATCC 354; 14,
M. scrofulaceum ATCC 199815 15, M. smegmatis ATCC 21701;
16, M. szulgai ATCC 35799; 17, M. terrae ATCC 15755; 18, M.
triviale ATCC 23292, 19, M. tuberculosis H37Rv; 20, M. vaceae
ATCC 15483.
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2. 75 o] 83 23 PCR W&

vhol mEbejobe] HA ITS) hdk 12 PCR @3 o)z
DNAG 9ol disle] 232 & o] & 5o|4d& FAlsr] ¢
TEE WA ITSY Y98 5% DNAZ Ab#3le] 23 PCR #H$-&
AT o AR opolmEtgie]ole] i 23} PCRY] ESol¥ =
Zol Ay 29 33 2. ANFd M bovise % 322 bp =
|2l & o] 221 pan mycobaterial band@t 2 8)to) Bo| el 133
bp “1712] 5 band?} 2 glc)

M. avium3 M. Intracellulareol #| = R % 7to| 322 bp A7)
o] & LolH<el pan-mycobaterial band®} MACe] Eo]& el 84hp

izl & Sl Hel Y band7b #EH )

~~

M. fortuitum, M. terrae, M. scrofulaceum, M. kansasii, M.
szulgai, M. xenopi, M. malmoense= B8] #§ 1 9] wlo] mulg) e o}
At g R ot A7 g2y B% 300~-350bpA e &

Seol A2l pan-mycobaterial band7} 22 5 ¢ o}
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MN 1 2 3 45 6 78 9 101M

g

FIG. 3. Sccondary PCR with pan-mycobacterial and M.
tuberculosis- and MAC-specific primers.
M, 100bp DNA ladder molecular size maker; N,
negalivecontrol; 1, M. Tuberculosis H37Rv; 2, M. bouvis; 3, M.
avtur, 4, M. intracellulare; 5, M. fortuitum; 6, M. terrae, 7, M.

scrofulaceum; 8, M. kansasii; 9, M. szulgai, 10, M. xenopi, 11,

M. malmoense.
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3. wpol ubu) o} el Fol 9

PCR W& A

2 e A AAel A9

rsr

11570ef 557 #ZAlel ths MycoExpress Triplex PCR 7
Ao Table 59 Aelabglch A8 #abe] BA % Acid Fast
Bacilli (AFB) @4e] SAelar Asg ujdo]l FAA A 57/0¢
Lol 407 M B Al A Aol A Rol: 279 So
band& e 70.2%°] W& ety AFB g alo] gkijolwm

A At ko] ekl A1 A FellA BE 18la AFB 9 A

S

°of ddeldAM edwel WM fortuitumel WFE A1), wjA 9
28 e el 549 15 Pal Fol M o130l 2 ) A
Heolim 22 Hof bandE Bo] 964% (54/56)9) WIAEE e

STh MACel] 2hd € % ghxbe] Ay 2% MycoExpress Triple

e

testel 1 MACell E-o0]H¢l Ee bandE B o=t} dE Qi
fdAlel AL 43 Se] A9l bandeo] YEltm o] 5e g 4o A

et
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Table 5. The results of MycoExpress Triplex PCR test
respiratory specimens

N, negative; P, positive.

N . AFB . MycoExpress No.of
Diagnosis , Culture . .
stain Friplex PCR | specimens
N M. tuberculosis | M. tuberculosis 40
P M. tuberculosts | M. tuberculosis 41
P Contamination | M. tubercuiosts 5
Tuberculo ) ] -
sis (113) F No growth M. tuberculosis /
P M. fortuituma | M. tubercuiosis 1
N M. tuberculosis N 17
P No growth N 2
MAC
infection N MAC MAC 2
(2}

- 24 -~



MNT 23 456 7 89 101 M

88 E S

FIG. 4. The results of clinical samples positive for M.
tuberculosis or MAC.

M, 100bp DNA ladder molecular size maker; N

negativecontrol, 1

?

, M. Tuberculosis H37Rv; 2, M. avium
ATCCZ2915 3-9, M. tuberculosis-positive clinical samples;
10-11, MAC-positive clinical samples.
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4. vholmubel@lo} HAFol A sH7] AP 32
AA ol 4] PCR WH-g A3}

rﬂ
2
de
=
ja
o
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